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Design: 27	 children	 with	 OW/OB	 (10.14	 ±	 1.3  years,	 59%	 boys)	 from	 the	
ActiveBrains	project	were	evaluated.	VO2peak	was	assessed	using	a	gas	analyzer,	
and	 participants	 were	 categorized	 into	 fit	 or	 unfit	 according	 to	 the	 CVD	 risk-	
related	 cut-	points.	 Whole-	blood	 transcriptome	 profile	 (RNA	 sequencing)	 was	
analyzed.	Differential	gene	expression	analysis	was	performed	using	the	limma	




Results: 256  genes	 were	 differentially	 expressed	 in	 fit	 children	 with	 OW/OB	
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CVD	 during	 adulthood.5,6	 In	 fact,	 there	 is	 extensive	 evi-




promote	 the	 use	 of	 exercise	 as	 a	 form	 of	 medicine	 in	 a	
more	precise	and	personalized	way.























organism's	 systemic	 inflammatory	 state	 associated	 with	
obesity	 and	 CVD.10,11	 Furthermore,	 the	 transcriptome	
profile	in	blood	cells	has	been	informative	to	provide	bio-
markers	 for	 molecular	 diagnostics	 and	 management	 of	
CVD.12	 Altogether,	 this	 indicates	 that	 the	 whole-	blood	
transcriptome	profile	could	provide	accessible	biomarkers	
related	to	CVD	and	CRF	levels	in	children	with	OW/OB.
The	 present	 study	 aimed	 to	 characterize	 the	 whole-	
blood	transcriptome	profile	(RNA-	seq)	of	fit	children	with	
OW/OB	 compared	 to	 unfit	 children	 with	 OW/OB.	 Our	
findings	 will	 promote	 a	 better	 understanding	 of	 the	 fat-	
but-	fit	paradigm	and	how	fitness	can	counteract	some	of	
the	adverse	effects	of	obesity	on	CVD	risk	factors.
2 	 | 	 MATERIALS AND METHODS
2.1	 |	 Study sample
The	 present	 cross-	sectional	 study	 used	 data	 from	 the	
ActiveBrains	 project	 (Clinical	 Trial:	 NCT02295072).	




was	 approved	 by	 the	 Committee	 for	 Research	 Involving	
Human	Subjects	at	the	University	of	Granada	(Reference:	
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Helsinki,	 the	 study's	 information	 was	 provided	 to	 all	
parents/legal	 guardians,	 which	 gave	 written	 informed	
consent.




algorithms	 for	 boys	 and	 girls.14	 Body	 weight	 and	 height	
were	 collected	 using	 an	 electronic	 scale	 and	 a	 stadiom-
eter	(Seca	Instruments,	Germany,	Ltd).	Body	mass	index	
(kg/m2)	 was	 calculated,	 and	 participants	 were	 accord-





(DXA,	 discovery	 densitometer	 from	 Hologic)	 following	
the	 recommendations	 from	 the	 International	 Society	 of	
Clinical	Densitometry.
2.3	 |	 Cardiorespiratory fitness
Cardiorespiratory	 fitness	 (ie,	 VO2peak)	 was	 quantified	
using	a	gas	analyzer	(General	Electric	Corporation)	while	
performing	 a	 maximal	 incremental	 treadmill	 test	 (HP-	
Cosmos	 ergometer).	 The	 incremental	 test	 adapted	 for	
children	 with	 weight	 disturbances	 consisted	 of	 walking	
as	 long	 as	 possible	 at	 a	 constant	 speed	 (4.8  Km/h).	 The	
slope	started	at	6%	with	grade	increments	of	1%	every	min-
ute	until	volitional	exhaustion.	Oxygen	consumption,	HR	
(beats/min),	 and	 respiratory	 exchange	 ratio	 (RER)	 were	
continuously	measured	and	recorded	every	10 s,	while	the	
rating	of	perceived	exertion	 (RPE)	 scale	was	 reported	at	
the	end	of	each	1-	min	stage	using	children's	OMNI	scale	
ranging	 from	 0	 to	 10.	 CRF	 (ie,	 VO2peak)	 was	 reported	
















Briefly,	 blood	 samples	 that	 contained	 RNA	 later	 were	
processed	to	 isolate	 total	RNA	using	RiboPureTM-	Blood	















Pro-	inflammatory	 cytokines	 IL-	1β,	 TNF-	α,	 and	 IL-	6	
were	 detected	 by	 multiple	 analyte	 profiling	 technolo-
gies	 (MILLIPLEX®	 MAP	 Human	 High	 Sensitivity	 T	 Cell	
Magnetic	 Bead	 Panel,	 EMD	 Millipore	 Corporation,	






2.5	 |	 Statistical analysis










tile	 normalization.	 Subsequently,	 differential	 expression	
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analysis	 between	 fit	 and	 unfit	 children	 with	 OW/OB	
was	performed	with	the	limma	R/Bioconductor	software	
package	and	was	adjusted	by	sex	and	PHV	(maturation),	
since	 these	 two	 factors	 are	 known	 to	 be	 highly	 influen-
tial	 at	 this	 period	 of	 life.	 Statistically	 significant	 differ-
entially	 regulated	 genes	 were	 defined	 by	 a	 FDR	 <5%	
(Benjamini	 and	 Hochberg	 correction	 on	 multiple	 test-
ing).	Scripts	used	to	perform	this	analysis	are	available	for	
readers:	 https://osf.io/neuys/.	These	 genes	 were	 charac-
terized	 by	 functional	 enrichment	 analysis	 using	 DAVID	






















difference	 of	 −0.50  pg/mL,	 and	 a	 difference	 of	 −1.12  pg/
mL	in	adjusted	models)	compared	with	unfit	children	after	
adjusting	 for	 sex	and	PHV	(adjusted	 p	 value	<0.05).	Also,	
borderline	differences	were	found	for	pro-	inflammatory	cy-
tokine	IL-	6	after	adjusting	for	sex	and	PHV	(adjusted	p	value	
T A B L E  1 	 Characteristics	of	the	participants
Variables
Total sample
n = 27 (16 boys/11 girls)









Age	(years) 10.1	±	1.3 10.1	±	1.2 10.2	±	1.4 0.74 0.17
PHV	offset	(years) −2.15	±	0.94 −1.76	±	0.80 −2.47	±	0.96 0.50 N.A.
BMI	group
Overweight/Obesity 6	(22.2%) 3	(25.0%) 3	(20.0%) 0.56 N.A.
21	(77.8%) 9	(75.0%) 12	(80.0%)
Body	composition	and	anthropometry
Weight	(kg) 57.31	±	10.30 58.07	±	9.23 56.70	±	11.37 0.74 0.49
Height	(cm) 145.65	±	9.06 147.18	±	8.16 144.43	±	9.83 0.44 0.30
Waist	circumference	
(cm)
91.72	±	7.26 91.50	±	5.54 91.89	±	8.58 0.89 0.09
BF	(%) 42.73	±	4.71 42.91	±	5.37 42.58	±	4.29 0.86 0.05
DXA	FM	(kg) 24.22	±	5.71 24.50	±	5.10 24.00	±	6.31 0.83 0.16
DXA	total	VAT	(g) 414.29	±	85.91 424.48	±	89.43 406.14	±	85.22 0.59 0.72
DXA	LM	(Kg) 30.71	±	5.43 31.12	±	5.81 30.38	±	5.30 0.73 0.51
Inflammatory	markers
IL-	1β	(pg/mL) 1.77	±	0.72 1.49	±	0.56 1.99	±	0.77 0.08 0.002
IL-	6	(pg/mL) 2.31	±	1.98 1.79	±	0.62 2.25	±	1.33 0.26 0.09
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=	0.09;	unadjusted	mean	difference	of	−0.46 pg/mL,	and	a	
difference	of	−1.06 pg/mL	in	adjusted	models).
Two	 hundred	 and	 fifty-	six	 genes	 were	 differentially	




genes	 were	 enriched	 in	 two	 pathways	 related	 to	 inflam-
mation:	 dopaminergic	 synapse	 and	 GABAergic	 synapse	
(EASE	 score	 <0.05)	 (Table  2).	 Genes	 identified	 in	 dopa-
minergic	 and	 GABAergic	 synapse	 pathways	 were	 linked	
to	 obesity	 (Table  S2).	 In	 silico	 validation	 data	 mining	
within	the	PHENOPEDIA	database	detected	that	9	of	the	
differentially	expressed	genes	between	fit	and	unfit	chil-





detected	 dopaminergic	 synapse	 and	 GABAergic	 synapse	
pathways:	 GNG10,	 CREB3L3,	 and PPP2R5E	 (Table  2),	
while	3	of	these	33 genes	were	detected	in	the	in silico	val-
idation	 data	 mining	 using	 the	 PHENOPEDIA	 database:	
IL2RA,	GRB2,	and MAL	(Table 3).




inflammation	 are	 involved,	 such	 as	 dopaminergic	 and	
GABAergic	synapse	pathways.
Exercise	 and	 physical	 activity	 are	 the	 main	 environ-
mental	factors	able	to	modify	CRF,	and	therefore,	fit	and	
unfit	groups	might	be	in	part	indicative	of	more	and	less	
active	 children,	 respectively.	 Importantly,	 fit	 and	 unfit	
groups	presented	an	unadjusted	mean	difference	of	3 mL/
kg/min	 in	 VO2peak	 and	 a	 difference	 of	 8.5  mL/kg/min	
in	 adjusted	 models.	 A	 threshold	 of	 1.75  mL/kg/min	 in	
VO2peak	has	been	considered	clinically	relevant.19	Thus,	






were	 up-	regulated	 in	 these	 pathways	 (GNAO1,	 GNAL,	
GNG10,	CREB3L3,	PPP2R5E,	and	GABARAP).	In	this	con-
text,	 exercise	 could	 increase	 levels	 of	 neurotransmitters,	
such	 as	 dopamine	 and	 amino	 acid	 γ-	aminobutyric	 acid	







Importantly,	 dopaminergic	 and	 GABAergic	 recep-
tors	 are	 expressed	 in	 different	 types	 of	 immune	 cells	
with	 different	 roles	 in	 the	 immune	 system.24,25	 Thus,	
dopaminergic	 pathways	 have	 been	 related	 to	 obesity-	
associated	 inflammation,	 although	 the	 specific	 molec-
ular	 mechanisms	 in	 different	 types	 of	 immune	 cells	
need	to	be	clarified.25	Furthermore,	GABA	reduced	the	
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secretion	of	47	cytokines	(IL-	1β	included)	in	peripheral	
blood	mononuclear	cells	(PBMCs)	and	CD4+	T	cells	of	
type	 1	 diabetes	 patients.26	 Also,	 Reyes-	García	 et	 al.	 re-
ported	that	GABA	decreased	IL-	6	production	in	periph-
eral	macrophages	of	rodents,27	while	Bhat	et	al.	showed	
that	 increased	 GABAergic	 activity	 reduced	 autoim-
mune	 inflammation.28	 Therefore,	 dopaminergic	 and	
GABAergic	pathways	in	immune	cells	have	been	related	
to	inflammation	such	as	an	emergent	research	area.24,25	
Indeed,	 we	 did	 observe	 in	 our	 study	 that	 fit	 children	
presented	 a	 more	 favorable	 inflammatory	 profile	 than	
unfit	 children,	 that	 is,	 lower	 values	 of	 circulating	 pro-	





the	 dopaminergic	 and	 GABAergic	 systems	 (ie,	 the	 fat-	







kine	 with	 anti-	inflammatory	 properties	 when	 it	 is	 re-
leased	by	skeletal	muscle	in	response	to	acute	exercise.31	
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and	unfavorable	cardiometabolic	and	 inflammatory	pro-
files.35	In	order	to	test	the	validity	of	our	findings,	that	is,	
of	 the	 differentially	 expressed	 genes	 in	 fit	 vs.	 unfit	 chil-
dren	 with	 OW/OB,	 we	 performed	 an	 in silico	 validation	
data	mining	using	PHENOPEDIA	database.	Our	findings	
showed	 that	 differentially	 expressed	 genes	 according	 to	
fitness	groups	were	involved	in	CVD,	metabolic	syndrome,	
hypertension,	inflammation,	and	asthma,	matching	there-
fore	 well	 with	 previous	 epidemiological	 evidence.33-	35	
These	 results	 suggest	 that	 these	 differentially	 expressed	
genes	could	contribute	partially	to	a	better	cardiovascular	
profile	in	those	children	with	higher	CRF	levels.	Further	




IL2RA	 genes	 that	 showed	 the	 highest	 and	 lowest	 regu-
lation	in	fit	vs.	unfit	OB/OW	children.	The	IL-	2	receptor	
(IL-	2R)	 comprises	 three	 subunits	 (IL-	2Rα,	 IL-	2Rβ,	 and	
IL-	2γc).	The	IL-	2Rα	subunit	encoded	by	IL2RA	gene	reg-
ulates	T	lymphocyte	activation,	playing	an	important	role	
in	 the	 atherothrombotic	 process,	 although	 the	 precise	
mechanisms	 are	 unclear.36,37	 Interestingly,	 high	 concen-
trations	 of	 plasma	 soluble	 IL-	2Rα	 have	 been	 positively	





Interestingly,	 the	 bioenergetic	 capacity	 of	 PBMC	 (ie,	
higher	maximal	respiration	of	PBMC)	was	associated	with	




dria.40	 Markedly,	 an	 increase	 in	 age	 has	 been	 negatively	
associated	 with	 SCO2  gene	 expression,	 while	 exercise	
training	increased	the	SCO2 gene	expression	levels	in	car-
diac	 cells	 of	 old	 and	 young	 rodents.41	 Interestingly,	 mu-
tations	in	SCO2 gene	have	been	associated	with	infantile	







Our	 study	 presents	 three	 main	 limitations.	 First,	 the	
cross-	sectional	study	design	does	not	allow	us	to	assume	







transcriptome	 analysis.	 In	 this	 regard,	 it	 is	 known	 that	
different	leukocyte	populations	have	specific	roles	in	the	
immune	system	and	CVD.	Nonetheless,	the	whole-	blood	





need	 to	be	acknowledged.	To	our	knowledge,	 this	 is	 the	
first	study	to	analyze	the	whole-	blood	transcriptome	pro-
files	 using	 high-	throughput	 technologies	 such	 as	 RNA-	
seq	 in	fit	children	compared	to	unfit	children	with	OW/
OB.	Besides,	transcriptome	analysis	was	performed	using	
blood	 samples	 obtained	 in	 first	 hour	 in	 the	 morning	 at	
fasting	 conditions	 in	 a	 unified	 manner.	 Furthermore,	
GlobinLock	molecular	mechanism	was	applied	as	a	novel	
robust	method	to	block	abundant	globin	mRNA	in	eryth-






detected	 several	 differentially	 expressed	 genes	 related	 to	







5 	 | 	 PERSPECTIVE
CRF	 is	a	powerful	marker	of	health	 in	children,2	which	
is	 modifiable	 by	 physical	 activity	 and	 exercise.	 For	 the	
first	 time,	 a	 distinct	 pattern	 of	 whole-	blood	 transcrip-
tome	profile	(RNA-	seq)	was	identified	in	fit	children	with	
overweight/obesity	(OW/OB)	compared	to	unfit	children	
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